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Description 

Field of the Invention 

5 [Q001] The present invention relates to a ceramic substrate used mainly In the semiconductor industry and more 
particularly to a ceramic substrate having a high breakdown voltage and being excellent In adsorptive function of a 
semiconductor wafer in the case of application to an electrostatic chuck, and simultaneously being excellent in the 
temperature rising/tailing property In the case of application to a hot plate (a heater), 

'0 Background of the Invention 

[0002] Semiconductors are signlllcantly Important products needed In various Industries and a semiconductor chip 
is produced by slicing a silicon single crystal Into a certain thickness to produce a silicon wafer and then forming a 
plurality of integrated circuits or the Ilka on the silicon wafer 

13 [0003] In the production process of the semiconductor chip, a silicon water put on the electrostatic chuck is subjected 
to various treatments such as etching, CVD and the like to form conductor circuits, elements and the like. At that time, 
since corrosive gases are used as gases for deposition, gases for etching and the like. It Is required to protect an 
electrostatic electrode layer from corrosion by these gases and it is also required to induce adsorptive force and there- 
fore, the electrostatic electrode layer is generally coated with a ceramic dielectric film. 

20 [0004] As the ceramic dielectric film, a nitride ceramic has conventionally been used and for example, In JP Kokal 
Hel 5-81 40, an electrostatic chuck using nitride such as aluminum nitride Is disclosed. Further, In JP Kokal Hel 9-48668, 
a carbon-containing aluminum nitride having an Al-O-N structure Is disclosed. 

Summary of the Invention 

2$ 

[0005] However, an electrostatic chuck using these ceramics has problems such as that: the temperature rising/ 
falling property is insufficient; the breakdown voltages drops at high temperature; and warping occurs at high temper- 
ature owing to the drop of Young's modulus. 

[0006] it has boen understood that such problems are found not only In an electrostatic chuck but also in a ceramic 
30 substrate for a semiconductor produclng/examlning device wherein a conductor is fomned on a surface or Inside the 
ceramic substrate thereof such as a hot plate and a wafer prober. 

[0007] Inventors of the present Invention have made Investigations to solve the above described problems and found 
that: causes of deterioration of the temperature rising/failing property and drop of the breakdown voltage and Young's 
modulus and the like of the ceramic substrate are due to the insufficient sintering property; and the above described 

35 problenrjs can be soh/ed by adjusting the degree of the sintering so as to lower the leakage quantity to 1 0*7 Pa • m^ / 
sec (He) or less measured with a helium leakage detector. Practically, Inventors have found that the leakage quantity 
can be suppressed to 1 0"?' Pa . m^ / sec (He) or less, which is measured with the helium leakage detector, by at first 
oxidizing the surface of the raw material particles of a nitride ceramic, then adding an oxide and carrying out pressurized 
sintering^ and thus completed the present Invention. 

40 [0008] In addition, inventors have also found that rf the leakage quantity is 1 Q-^^ Pa • m^ / sec (He) or less by meas- 
urement with the helium leakage detector, denslflcatton proceeds to an excess extent to result In a drop of the fracture 
toughness value and thermal conductivity at a high temperature, to the contrary 

[0009] That is. the present invention Is a ceramic substrate having a conductor on a surface or Inside thereof, wherein 
the ceramic substrate has a leakage quantity of 1 0'^ Pa • m^/ sec (He) or less by meeisurement with a helium leakage 
45 detector. 

Brief Description of Drawings 

[0010] 

50 

Fig. 1 is a plain view schematically showing an example of a ceramte heater using a ceramic substrate of the 
present Invention. 

Fig. 2 is a partially enlarged sectional view of the ceramic heater shown in Fig. 1 . 

Fig. 3 Is a sectional view schemattcally showing an example of an electrostatic chuck using a ceramic substrate 
55 of the present invention. 

Fig. 4 is a sectional view along the A-A line of the electrostatic chuck shown in Fig. 3. 

Fig. 5 Is a sectional view schematically showing an example of an electrostatic chuck using a ceramic substrate 
of the present Invention. 
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Fig. 6 is a sectlonai view schematicalty showing an example of an electrostatic chuck using a ceramic substrate 
of the present invention. 

Fig. 7 is a sectional view schematbaily showing an example of an electrostatic chuck using a ceramic substrate 
of the present Invention. 

5 Figs. 6(a) to (d) are sectional views schematically showing a part of manufacturing processes of an electrostatic 

chuck shown in Fig. 3. 

Fig. 9 is a horizontal sectional view schematically showing a shape of an electrostatic electrode constituting an 
electrostatic chuck according to the present invention. 

Fig. 10 is a horizontal sectional view schematically showing a shape of an electrostatic electrode constituting an 
to electrostatic chuck according to the present Invention, 

Fig. 11 is a sectional view schematically showing a state that an electrostatic chuck according to the present 
invention Is fitted In a supporting case. 

Fig. 1 2 is a sectional view schematically showing a wafer prober using a ceramic substrate of the present invention. 
Fig. 13 is a sectional view schematically showing a guard electrode of the wafer prober shown In Fig. 12. 

15 

Description of Reference Numerals 
[QQ11] 

20 1 01 , 201 , 301 , 401 electrostatic chuck 

I ceramk: substrate 

2, 22, 32a, 32b chuck positive electrostatic layer 

3, 23, 33a. 33b chuck negative electrostatic layer 
2a, 3a semicircular arc part 

25 2b, 3b combteeth-shaped part 

4 ceramic dielectric film 

5, 12 reslstEuice heating element 

6, 1 3, 1 8 external terminal 

7 metal wire 

30 8 Peltier device 

9 silicon wafer 

II ceramk: substrate 

14 bottomed hole 

15 through hole 

55 19 conductor-filled through hole 

26 lifter pin 

Detailed Description of the Invention 

40 [001 2] The present invention is a ceramic substrate having a conductor fomned on a surface or inside thereof, wherein 
the ceramic substrate has a leakage quantity of 1 Q-^ pa - / sec (He) or less by measurement with a helium leakage 
detector. 

[0013] The ceramk; substrate of the present invention has the leakage quantity of IQ-'^ Pa • m^/ sec (He) or less by 
measurement with the helium leakage detector. If the leakage quantity is in approximately such a degree, the above 
45 described ceramic substrate Is sufficiently densely sintered and has excellent temperature rlsing/Talllng property, high 
breakdown voltage and Young's modulus at a high temperature. Consequently, no warping occurs In the above de- 
scribed ceramic substrate. 

[0014] In case of measuring the above described leakage quantity, the sample same as the above described ceramic 
substrate is prepared to have a size of the diameter of 30 mm, the area of 706.5 mm^ and the thickness of 1 mm, and 

so set in the helium leakage detector. After that, the leakage quantity of the above described ceramic substrate can be 
measured by measuring a flow amount of helium passing through the above described sample. The helium leakage 
detector measures the partial pressure of helium at the time o1 the leakage but dose not measure the absolute value 
of the gas flow amount. The helium partial pressure values of known leakage quantities are previously measured and 
based on the detected helium partial pressure at the time of unknown leakage, the leakage quantity Is calculated by 

55 simple proportional calculation. 

[0015] The detailed measurement principle of the helium leakage detector is described in a monthly journal, "Sem- 
iconductor Worid 1992, November, p. 11 2 to 115". 

[0016] That is, It the above described ceramic substrate Is sufficiently densely sintered, the above described leakage 
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quantity Is a considerably small value. On the other hand, if the sintering property of the above described ceramic 
substrate Is insufriclent, the above described leakage quantity becomes a large value. 

[0017] in the present invention, for example, In case: the surface of a nitride ceramic particle Is oxidized at first; then 
an oxide Is added; and a pressurized sintering Is carried out, a sintered body In which an oxide layer of the nitride 
5 ceramic is integrated with the added oxide is fomned. Such a sintered body has an extremely small leakage quantity 
of 10'7 Pa . / sec (He) or less In the measurement with the helium leakage detector. 

[001 B] Still more, the leakage quantity Is preferably 1 x ^0'^^ to 1 x 10"® Pa - / sec (He) by measurement with 
the helium leakage detector. That is because a high themnai conductivity at a high temperature can be secured. 
[0019] Incidentalty, although aluminum nitride sintered bodies where a small amount of AlON crystal phase exists 

10 are disclosed in JP Kokal Hel 9-48668, JP Kokal Hel 9-48669, and JP Kokal Hel 1 0-72260 and the like, In these cases, 
no metal oxide Is added and they are produced by reductive nltrogenation method. Therefore no oxygen exists on the 
surface and the sintering property Is Inferior. As shown In the comparative examples, a relatively high leakage quantity, 
approximately 10"® Pa - m^ / sec (He) , is caused. In JP Kokai Hei 7-153620, although yttria is added, the surface of 
an aluminum nitride raw material powder Is not previously fired and In this case also, as it is made clear according to 

'J the comparative examples, the sintering properties are Inferior and as shown In the comparative examples, a relatively 
high leakage quantity, approximately 10-* Pa - / sac (He), is caused. In JP Kokai Hal 5-36819, electrostatic chucks 
using a sintered body produced from silicon nitride, yttria, and alumina are disclosed. However neither description nor 
implication of Introducing oxygen in raw materials is disclosed and in this case also, a relatively high leakage quantity, 
approximately 10"* Pa • m^/sac (He) . is caused. Further, in JP Kokal Hei 10-279359. the leakage quantity is also high 

20 due to a low temperature and normal pressure firing. Furthemnore, JP Kokai Hel 10-158002 disdoses an AIN substrate 
used for a substrate on which a semiconductor is mounted but not for a semiconductor producing/examining device, 
unlike the present Invention. Furthermore, In JP Kokai Hel 10-167859, since the amount of yttria is as small as 0.2 % 
by weight and sintering properties are insufficient, the leakage quantity becomes high. As described above, any con- 
ventional technique has not yet realized a semiconductor producing/examining device using a sintered body whose 

2S helium leakage quantity can be adjusted to 1 x 10'^ Pa • m^ / sec (He) or lass just like the present invention. 

[0020] It is also preferable that the oxide to be added Is an oxide of an element constituting the nitride ceramics. 
That is because it is the same as the surface oxide layer of the nitride ceramic and makes the sintering considerably 
easy. In order to oxidize the surface of the nitride ceramic, It Is preferable to carry out heating In oxygen or the air at 
500 to 1 ,000 **C for 0.5 to 3 hours. 

30 [0021 1 The average partlde diameter o1 the nitride ceramic powder to be used for sintering Is preferably approximately 
0.1 to 5 |im. This is because it is easy to carry out sintering. 

[0022] Further, the content of Si and the content of S are preferably 0.05 to 50 ppm and 0.05 to 60 ppm, respectively 
(both based on the weight) . That Is because they are supposed to bond the added oxide with the oxide film on the 
nitride ceramte surface, 

35 [0023] Other firing conditions will.be described In details In the description of electrostatte chuck manufacturing proc- 
ess later. 

[0024] The ceramic substrate obtained by the firing according to the above described method is preferable to contain 
0.05 to 1 0 % by weight of oxygen. That is because If it is less than 0.05 % by weight, sintering does not proceed, thus 
a fracture occurs In grain boundaries and the thermal conductivity Is dropped. On the other hand, if it Is higher than 10 

"to % by weight, said oxygen Is unevenly precipitated in the grain boundaries and a fracture in grain boundaries occurs 
and also the thermal conductivity Is dropped to deteriorate the temperature rislng/falling property. 
[0025] In the present invention, the ceramic substrate is preferably made of an oxygen-containing nitride ceramic 
and the pore diameter of the maximum pores is preferably 50 p.m or less and the porosity is preferably 5% or less. 
Further, preferably the above described ceramic substrate does not have pores at all, or if it has soma pores, the pore 

4s diameter oT the maximum pores Is preferably 50 |im or less. 

[0026] In case of the absence of pores, the breakdown voltage at a high temperature Is especially raised. To the 
contrary, In the case that the pores are present, the fracture toughness value Is raised. Therefore, which design should 
be selected Is changed depending on the required properties. 

[0027] Although the reason why the fracture toughness value is raised depending on the presence of the pores is 
so not clear, it is supposed that the expansion of cracks is prevented by the pores. 

[0028] The maximum pore diameter Is preferable to be 50 ^im or less In the present invention. This is because it 
becomes difficult to keep high breakdown voltage properties at a high temperature, especially at 200 *C or more, if 
the pore diameter exceeds 50 pm. 

[0029] The pore diameter of the maximum pores Is preferably 10 ^m or less. That Is because the degree of warping 
55 becomes small at200°C or more. 

[0030] The porosity and the pore diameter of the maximum pore can be adjusted by the duration for pressing, the 
pressure, the temperature at the time of sintering and the additives such as SIC and BN. Since SIC and BN Inhibit 
sintering, they can Introduce pores. 
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[0031 ] At the measurem ent of the pore diameter of the maximum pore. 5 samples are prepared. The surf aces thereof 
are ground Into mirror planes. With an electron microscope, ten points on each surface are photographed with 2000 
to SOOOmagnifications. The maximum pore diameters Is selected from each photogragh obtained by the photographing, 
and the average of the 50 shots Is defined as the pore diameter of the maximum pore. 
5 [0032] The porosity Is measured by an Archimedes' method. A sintered body is pulverized, and then the pulverized 
pieces are put In an organic solvent or mercury to determine Its volume. A true specific gravity Is calculated from the 
weight and volume of the pulverized pieces and the porosity Is calculated from the true specific gravity and an apparent 
specific gravity. 

[0033] The diameter of the ceramic substrata of the present Invention Is preferably 200 mm or more. It is especially 
10 preferable to be 1 2 Inches (300 mm) or more. That Is because the ceramic substrate of thte size Is to be a main stream 
of a semiconductor wafer of the next generation. That Is also because the problem of warping which the inventors of 
the present Invention Intend to solve hardly occurs If the ceramic substrate has 200 mm or less-diameter 
[0034] The thickness of the ceramic substrate of the present invention is preferably 50 mm or less and especially 
preferably 25 mm or less. 

13 [0035] That Is because, If the thickness exceeds 25 mm, the thermal capacity of the ceramic substrate sometimes 
becomes too large. Especially, in cELse of heating and cooling by a temperature control device which is provided, the 
temperature- following property Is sometimes deteriorated due to the high thermal capacity, 

[0036] Further, the problem o1 warping which the present invention intends to solve hardly occurs if the ceramic 
substrate has the thicl<ness exceeding 25 mm. 
20 [0037] Especially, the thickness of the ceramic substrate of the present Invention Is 5 mm or less optimally, and 
preferably to be 1 mm or more. 

[0038] Further, the ceramic substrate of the present Invention Is used at 100 ''C or more, preferably at 150'C or 
more, and especially preferably 200 •'C or more. 

[0039] Although the ceramic materials constituting the ceramic substrate of the present invention are not spedfically 
25 limited, nitride ceramics and carbideceramics are preferable. Examples of the above described nitride ceramics include 
metal nitride ceramics such as aluminum nitride, silicon nitride, boron nitride, titanium nitride and the like. 
[0040] Also, examples of the above described cariside ceramics include silicon cari3ide, titanium carbide, tantalum 
carbide, tungsten carbide, zin^onlum carbide, and the like. 

[0041] Further, as the above described ceramic materials, oxide ceramics may be used and the Eibove described 
30 oxide ceramics Include metal oxide ceramics such as alumina, zirconla. cordlerlte, multlte and the like. 

[0042] Aluminum nitride is especially preferable among those nitride ceramk:s. That is because it has the highest 
thamnal conductivity of 180 W / m • K. 

[0043] In the present Invention, It Is preferable to contain an oxide In the ceramic substrate. As the above described 
oxide, for example, alkali metal oxide, alkaline earth metal oxide and rare earth oxide can be used, and CaO, Y2O3, 
35 NajO, LijO and RbgO are especially preferable in these sintering aids . Alumina and silica may also be used. The 
content of these compounds Is preferably 0.5 to 20 % by weight. It lower than 0.5 % by weight, It Is sometimes Impossible 
to obtain the leakage amount of 1 0"^ Pa . m^/ sec (He) or less. 
[0044] As an oxide to be added, silica is the optimum in case of silicon nitride. 

[0045] In the present Invention, It Is desirable to contain 5 to 5,000 ppm of carbon in the ceramic substrate. 
40 [0046] That is because, by Incorporating carbon, the ceramic substrate can be blackened and the radiation heat can 
be sufficiently utilized In the case of using the substrate tor a heater. 

[0047] The carbon may be either amorphous or crystalline. That is because: volume resistivity at a high temperature 
can be prevented from dropping In case where amorphous carbon Is used; and the themnal conductivity at a high 
temperature is prevented from dropping in case where crystalline carbon is used. Consequently, based on the purposes 
45 of the use, both of crystalline carbon and amorphous carbon may be used together and the content of the carbon Is 
further prefersibly 50 to 2,000 ppm. 

[0048] When carbon Is contained In the ceramic substrate, carbon Is preferably contained In the manner that Its 
brightness will be N6 or less as a value based on the rule ot JIS Z 8721 . The ceramic having such a brightness Is 
superior in radiant heat capacity and hiding property. 
50 [0049] The brightness N is defined as follows: the brightness of ideal black is made to 0; that of Ideal white is made 
to 1 0; respective colors are divided into 1 0 parts in the mannerthat the brightness of the respective colors Is recognized 
stepwise between the brightness of black and that of white at equal Intensity intervals; and the resultant parts are 
indbatad by symbols NO to N1 0, respectively. 

[0050] Actual brightness Is measured by comparison with color chips corresponding to NO to NIO. One place of 
55 decimals in this case is made to 0 or 5. 

[0051] The ceramic substrate of the present invention is a ceramic substrate utilized for a device for producing a 
semiconductor or examining a semiconductor. As practical devices, for example, an electrostatic chuck, a wafer prober, 
a hot plate (a ceramic heater), a susceptor. and the like are Included, 
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[Q052] In case where the conductor formed inside the above described ceramic substrata is a resistance heating 
eiement, the ceramic substrate can be used as a ceramic heater (a hot plate). 

[0053] Fig. 1 Is a plain view schematically showing an example of a ceramic heater, which la one embodiment of the 
ceramic substrate of the present invention. Fig. 2 Is a partially enlarged sectional view of the ceramic heater shown in 
5 Fig. 1. 

[0054] The ceramic substrate 1 1 Is formed to be a circular shape and resistance heating elements 1 2, which are for 
a temperature controlling mean, are formed in concentric circular patterns inside the ceramic substrate 11. These 
resistance heating elements 12 are connected In the manner that two concentric circles near to each other, as a pair, 
are connected to produce one line. Each external temninal 13 to be the input and output terminals are connected to 
'0 both end parts of the respective circuits through conductor-filled through holes 1 9. 

[0055] As shown in Fig. 2, through holes 1 5 are also formed In the ceramic substrate 1 1 and lifter pins 26 are inserted 
into the through holes 15 to hold a silicon wafer 9. 

[0056] By moving the lifter pins 26 up and down, it is possible to receive the silicon wafer 9 from a carrier machrne, 
put the silicon wafer 9 on a wafer treating face 11a of the ceramic substrate 11 , or heat the silicon wafer 9 while 
supporting It in the state that a gap of approximately 50 to 2,000 \im Is l<ept between it and the wafer treating face 11a. 
[0057] In addition, when: concave parts or through holes are formed in the ceramic substrate; and supporting pins 
with a tip of spire-shape or semlspherical-shape are Inserted Into the concave parts or the through holes; and then a 
silicon water Is supported by the supporting pins, the silicon wafer can be supported in the state of being kept at a 
distance approximately 50 to 2,000 i^m from the heating surtace, so as to be heated. 

20 [0058] Bottomed holes 1 4 are formed in a bottom face 11 b of the ceramic substrate 1 1 to Insert a temperature meas- 
urement element such as a thermocouple and the like. When the resistance heating elements 12 Is energized, the 
ceramic substrate 11 Is heated^ thereby heating an object to be heated such as the silicon wafer 
[0059] Since the ceramic substrate 1 1 constituting the hot plate has a leakage quantity as low as lO-^ Pa - m^/sec 
(He) or less by measurement with a heilum leakage detector, the ceramic substrate 11 is sufficiently densely sintered. 

2S Consequently, the ceramic substrate 11 is excellent in the temperature rising/falling property, and breakdown voltage 
and Young's modulus thereof does not dropped and no warping occurs In the ceramic substrate. 
[0060] The resistance heating elements may be provided inside the ceramic substrate or may be provided on the 
bottom face of the ceramic substrate, in case of providing the res I stance heating elements, an Inlet for blowing a coolant 
such as air as a cooling mean may be fornied In the supporting case to fit the ceramic substrate in. in the present 

30 Invention, since gas does not leak, when the gas as a coolant is blown, the cooling speed can be Increased. 

[0061 ] If the resistance heating etsments are provided inside theceramk: substrate, they may be provided In a plurality 
of layers. In this case. It Is desirable that the patterns of the respective layers may be formed to complement them 
mutually. The pattern, when being viewed from the heating surface, is desirably formed on any one of the layers. For 
example, a structure having a staggered arrangement Is desirable. 

35 [0062] As the resistance heating elements, a sintered body of a metal or conductive ceramic, a metal foil, a metal 
wire, and the like Is used. As the metai sintered body, at least one selected from tungsten and molybdenum Is preferable. 
That is because these metals are relatively hard to be oxidized and have sufficient resistance values for heating. 
[0063] Also, as the conductive ceramics, at least one selected from carbide of: tungsten; and molybdenum can be 
used. 

40 [0064] In addition, in case of tomning the resistance heating elements on the bottom face of the ceramic substrata, 
It is desirable to use noble metals (gold, sliver, palladium or platinum) and nickel as the metal sintered body. Specifically, 
silver, silver-palladium and the like can be used. 

[0065] As the metal particles used in the metal sintered body, particles of spherical or scaly particles, or a mixture 
of spherical particles and scaly partbles can be used. 

45 [0066] In case of forming the resistance heating elements on the ceramic substrate surtace, a metal oxide is added 
to a metal forthe sintering. The above described metal oxide Is used In order to let the ceramic substrate closely adhere 
to particles of the metal. The reason why the adhesion between the ceramic substrate and the metal particles is im- 
proved by the metal oxide Is unclear, but would be as follows: an oxide film Is slightly formed on the surface of the 
metal particles and an oxide film is formed on the surface of the ceramic substrate in the case that the ceramic substrate 

^o Is made of a non-oxide ceramic as well as an oxide ceramic, it can be therefore considered that these oxide films are 
sintered and integrated with each other, through the metal oxide, on the surface of the ceramic substrate so that the 
metal particles and the ceramic substrate adhere closely to each other. 

[0067] As the above described metal oxide, at least one selected from such as lead oxide, zinc oxide, silica, boron 
oxide (B2O3), alumina, yttria and titania is preferable. These oxides make It possible to Improve the adhesiveness 
55 between the metal particles and the ceramic substrate without increasing the resistance value of the resistance heating 
element 

[0068] The above described metal oxide Is preferable to be added In an amount of 0.1 parts by weight or more and 
less than 1 0 parts by weight Tor 100 parts by weight of metal particles. That is because the adheston strength of the 
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matal partictes and the ceramic substrate can be Improved without too much rise of the resistance value by using the 
metal oxide within the range. 

[0069] The ratio of lead oxide, zinc oxide, silica, boron oxide (B2O3), alumina, yttria and titania are also preferable 
to be: 1 to 10 parts by weight for lead oxide; 1 to 30 parts by weight for silica; 5 to 50 parts by weight for boron oxide; 
5 20 to 70 parts by weight for zinc oxide; 1 to 1 0 parts by weight for alumina; 1 to 50 parts by weight for yttria; 1 to 50 
parts by weight for titania, respectively, to 1 00 parts by weight In total of metal oxides. Nevertheless, the adjustment 
Is preferably carried out in the ranges of not exceeding 100 parts by weight in the total. That is because, in these 
ranges, the adhesion to the ceramic substrate can be Improved. 

[0070] In case of providing the resistance heating elements on the bottom face of the ceramic substrate , it is desirable 
10 that the surface of the resistance heating elements 25 Is coated with a metal layer 25a (reference to Fig. 5). The 
resistance heating elements 25 are a sintered body 0I metal particles and if being exposed, they are easy to be oxidized 
thus, due to the oxidation, the resistance values are possible to be changed by the oxidation . Therefore, the oxidation 
can be prevented by covering the surface with the metal layer 25a. 

[0071 ] The thickness of the metal layer 25a is preferably 0,1 to 1 00 \im. That is because, this Is the range where the 
IS oxidation of the resistance heating elements can be prevented without changing the resistance values of the resistance 
heating elements. 

[0072] The metal used forcovering maybe a non-oxidatlve metal. Specifically, at least one selected from gold, sliver, 
palladium, platinum and nickel is preferable. Especially, nickel is more preferable. That is because: the resistance 
heating elements are required to havetemninals to connect themselves with an electric power, therein nickel can prevent 
20 the thermal diffusion of a solder which Is employed for attaching terminals to the resistance heating elements. External 
temnlnats made of Kovar may be used as the connection tenninais. 

[0073] In case of forming the resistance heating elements inside the ceramic substrate, since the resistance heating 
elements surface is not oxidized, covering Is not required. In case of forming the resistance heating elements inside 
a heater plate, a part of the surface of the resistance heating elements may be exposed. 
2$ [0074] Metal foils and metal wires may also be used as the resistance heating elements. As the above described 
metal foils, the resistance heating elements wherein a nickel toll and a stainless foil are patterned by etching or the 
like is desirable. The patterned metal foils may be stuck by a resin film or the like. As the metal wires, a tungsten wire, 
a molybdenum wire and the tike are used. 

[0075] if the conductor formed inside the above described ceramic substrate is an electrostatic electrode layer, the 
30 above described ceramic substnate may be used as an electrostatic chuck. In this case, RF electrodes and heating 
elements may be formed as a conductor under the electrostatic electrode in the ceramic substrate. 
[0076] Fig. 3 Is a longitudinal-sectional view schematically showing one embodiment of an electrostatic chuck ac- 
cording to the present Invention, and Fig. 4 Is a sectional view along the A-A line of the electrostatic chuck shown in 
Fig. 3. 

35 [0077] In the electrostatic chuck 1 01 , an electrostatic electrode layer comprising a chuck positive electrostatic layer 

2 and a chuck negative electrostatic layer 3 are embedded Inside the disk-shaped ceramic substrate 1 , and a thin 
ceramb layer 4- (hereinafter referred to as a ceramic dielectric film) is formed on the electrostatic electrode layer. A 
silicon wafer 9 is put on the electrostatic chuck 1 01 and grounded. 

[0078] As shown In Pig. 4, the chuck positive electrostatic layer 2 Is composed of a semicircular arc part 2a and a 
40 combteeth-shaped part 2b and the chuck negative electrostatic layer 3 Is also composed of a semicircular arc part 3a 
and a combteeth-shaped part 3b. These chuck positive electrostatic layer 2 and the chuck negative electrostatic layer 

3 are so arranged face to face as to cross the combteeth-shaped parts 2b, 3b each other, and the positive side and 
the negative side of a direct current power source are respecttveiy connected to the chuck positive electrostatic layer 
2 and chuck negative electrostatic layer 3 to apply direct current voltage V2. 

45 [0079] The resistance heating elements 5 having a shape of concentric circles, as viewed from the above, are pro- 
vided Inside the ceramic substrate 1 in order to control the temperature of the silicon wafer 9 as shown in Fig. 1, and 
an external terminal Is connected and fixed to both ends of the resistance heating elements 5 and a voltage V., is 
applied thereto. Although being not shown In Figs. 3, 4, as shown in Figs. 1 , 2, a bottomed hole Is formed to Insert a 
temperature measuring element, and through holes into which lifter pins (not shown) for supporting and moving the 

so silicon wafer 9 up and down are to be inserted, are also formed. Still more, the resistance heating elements may be 
formed on the bottom face of the ceramic substrate. 

[0080] When the electrostatic chuck 101 is made to function, the direct current voltage Is applied to the chuck 
positive electrostatic layer 2 and chuck negative electrostatic layer 3. Consequently, the silicon water 9 is adsorbed to 
these electrodes through the ceramic dielectric film 4 due to the electrostatic function of the chuck positive electrostatic 
55 tayer2 and thechuck negative electrostatic layer 3. In such a manner, afterthe silicon wafer 9 is fixed on the electrostatic 
chuck 1 01 , the silicon water 9 is subjected to various treatments such as CVD and the like. 

[0061] Regarding the above described electrostatk: chuck 101 , the ceramic dielectric film 4 Is made of an oxygen- 
containing nitride ceramic and preferably has the porosity of 5% or less and the maximum pone diameter of 50 \im or 
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less. The pores In the ceramic dielectric rilm 4 are preferably formed to be independent pores each other. 
[0062] Since the ceramic substrate constituting the electrostatic chucit has the leakage quantity as low as 1 0""^ Pa • 
m^/sec (IHe) or less by measurement with the helium leakage detector, the ceramic substrate Is sufficiently densely 
sintered. Consequently, the ceramic substrate Is excellent In temperature rising/failing property, Its breakdown voltage 
5 and Young's modulus does not drop, and no warping occurs in the ceramic substrate at a high temperature. 

[0083] As the temperature control means, other than the resistance heating elements 12, a Peltier device {reference 
to Fig. 7) is available. 

[0084] If the Peltier device Is used as the temperature control means, It is advantageous since both of heating and 
cooling can be carried out by changing the direction of the current flow. 
10 [0085] As shown In Fig, 7. the Peltier device 8 Is formed by connecting p-type and n-type thenrtoeiectric elements 
81 in series and Joining them to a ceramic plate 82 or the like. 

[0086] As the Peltier device, tor example, sillcon-gennanlum type, bismuth-antimony type, lead-tellurium type ma- 
terials are available. 

[Q067] The electrostatic chuck of the present invention has the constitution shown in Rgs. 3, 4. The materials or the 
like of the ceramic substrate are already described and hereinafter, other members constituting the above described 
electrostatic chuck and other embodiments of the electrostatic chuck of the present Invention will successively be 
described In details. 

[0088] The materials for the ceramic dielectric film employed for the electrostatic chuck of the present invention are 
not restricted and may be carbide ceramics or oxide ceramics, but among them nitride ceramics are preferable. 
20 [0089] As the above described nitride ceramics, the same as the above described ceramic substrate are available. 
The above described nitride ceramics desirably contain oxygen. In such a case, the nitride ceramics are easy to be 
sintered euid even if the pores are included, the pores become independent pones, thus improves the breakdown 
voltage. 

[0090] In order to Incorporate oxygen in the above described nitride ceramics, firing is generally carried out after 
25 mixing a metal oxide with the raw material powders of the nitride ceramics. 

[0091] Examples of the above described metal oxide are alumina (AI2O3) and silicon oxide (SIO2). 

[0092] The addition amounts of these metal oxides are preferably 0.5 to 1 0 parts by weight par 1 00 parts by weight 

of nitride ceramics. 

[0093] By controlling the thickness of the ceramic dielectric film to be 50 to 5,000 urn, sufficiently high breakdown 

30 voltage can be kept without lowering chuck force. 

[0094] If the thickness of the above described dielectric ceramic film is less than 50 p,m, the film thickness is too thin 
and sufficiently high breakdown voltage cannot be obtained and therefore at the time when silicon wafer Is put and 
adsorbed, insulating breakdown may occur in the ceramic dielectric film. On the other hand, If the thickness, of the 
above described dielectric ceramic film exceeds S.OOCpjn, the distance between silicon wafer and the electrostatic 

35 electrodes becomes too far and therefore the adsoriaing capability of the electrodes to the silicon wafer is deteriorated. 
The thickness of the ceramic dielectric film Is preferably 1 00 to 1 ,500 \im. 

[0095] Also, cf the above described porosity exceeds 5 %, the number of pores is increased and the pore diameter 
becomes too large and, as a result, the pores are easy to be interconnected each other In a dlelectrb ceramic film 
with such a stmcture, the breakdown voltage drops. 

40 [0096] In addition, in case the pore diameter of the maximum pores exceeds 50 ^im, even if oxides exist in grain 
boundaries, the high breakdown voltage at high temperature cannot be kept. The porosity Is preferably 0.01 to 3 % 
and the pore diameter of the maximum pore is preferably 0.1 to 1 0 nm. In a ceramic dielectric film with such a constl- 
tutton, the leakage quantity is as low as 1 0'^ Pa - mVsec (He) or less by measurement with the helium leakage detector 
Consequently, the ceramic dielectric film is suffbiently densely sintered and it does not occur that con'osive gases 

45 permeate the dielectric ceramic film and corrode the electrostatic electrodes. 

[0097] It Is preferable to Incorporate carbon In 50 to 5,000 ppm In the above described ceramic dielectric film. That 
is because the electrode pattems formed In the electrostatic chuck can be hidden and high radiation heat can be 
obtained. Further, as the volume resistivity becomes lower, the adsorbing capability to silicon wafers becomes higher 
in a low temperature region. 

50 [0098] Still more, the existence of the pores in the dielectric ceramic film is allowed to a certain extent in the present 
invention since the fracture toughness value can be raised, thereby improving thermal Impact resistance. 
[0099] As the above described electrostatic electrodes, for exam pie, sintered bodies of metal or conductive ceramics, 
and metal foils are available. As the metal sintered bodies, at least one selected from tungsten and molybdenum is 
preferable. The metal tolls are also preferable to be of the same materials as the metal sintered body. That Is because 

55 these metals are relatively hard to be oxidized and have sufficient conductivity. On the other hand, as the conductive 
ceramics, at least one selected from carbides of: tungsten; and molybdenum is available. 

[0100] Figs. 9, 10 show horizontal sectional views schematically showing an electrostatic electrode in another elec- 
trostatic chuck In the electrostatic chuck 20 shown In Rg. 9, semicircular chuck positive alectrostatk; layer 22 and 
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chuck negative electrostatic layer 23 are formed inside the ceramic substrate 1 . and in the electrostatic chuck shown 
In Fig. 10, chuck positive electrostatic layers 32a, 32b and chuck negative electrostatic layers 33a, 33b with a shape 
fomned by dividing a circle into (our are formed Inside the ceramic substrate 1 . Further, these two positive electrostatic 
layers 22a, 22b and two negative electrostatic layers 33a, 33b are ao fomned as to cross each other 

s [0101 ] Still more, in case of forming electrodes having a shape in which a circular electrode is divided, the number 
of the division Is not spectflcally restricted and may be five or more and the shape Is also not restricted to a sector. 
[0102] As the electrostatic chuck of the present invention, the followings are available for example: an electrostatic 
chuck 101 In which the chuck positive electrostatic layer 2 and the chuck negative electrostatic layer 3 are provided 
between the ceramic substrate 1 and the ceramic dielectric film 4, and the resistance heating elements 5 are provided 

'0 Inside the ceramic substrate 1 as shown In Fig. 3; an electrostatic chuck 201 In which the chuck positive electrostatic 
layer 2 and the chuck negative electrostatic layer 3 are provided between the ceramic substrate 1 and the ceramic 
dielectric film 4. and the resistance heating elements 25 are provided on the bottom face of the ceramic substrate 1 
as shown in Fig. 5; an electrostatic chuck 301 in which the chuck positive electrostatic layer 2 and the chuck negative 
electrostatic layer 3 are provided between the ceramic substrate 1 and the ceramic dielectric film 4, and a metal wire 

'J 7 Is embedded Inside the ceramic substrate 1 as shown In Fig. 6; and an electrostatic chuck 401 In which the chuck 
positive electrostatic layer 2 and the chuck negative electrostatic layer 3 are provided between the ceramic substrate 
1 and the ceramic dielectric film 4, and a Peltier device comprising a thermoelectric element 61 and a ceramic plate 
82 Is formed on the bottom face of the ceramic substrate 1 as shown in Fig. 7. 

[0103] In the present invention, as shown In Figs. 3 to 7, since the chuck positive electrostatic layer 2 and the chuck 
20 negative electrostatic layer 3 are provided between the ceramic substrate 1 and the ceramic dielectric film 4, and the 
resistance heating elements 5 and the metal wire 7 are formed Inside the ceramic substrate 1 , connection parts (con- 
ductor-filled through holes) 16, 17 are required to connect them with external terminals. The conductor-filled through 
holes 16, 17 are fomned by fltllng a high melting point metal such as a tungsten paste and a molybdenum paste, and 
a conductive ceramic such as tungsten carbide and molybdenum carbide. 
25 [0104] The diameter of the connection parts (conductor-filled through holes) 16, 17 are preferably 0.1 to 10 mm. 
That Is because cracking and strain can be prevented while preventing disconnection. 

[0105] Using the conductor-filled through holes as connection pads, external terminals 6, 18 are connected (reference 
to Fig. 8(d)). 

[0106] . The connection Is carried out by soldering or brazing. As the brazing material, silver brazing, palladium brazing, 
30 aluminum brazing, and gold brazing materials are used. As the gold brazing material, an Au-NI alloy is preferable. That 
is because the Au-Ni alloy is excellent in adhesion with tungsten. 

[0107] The Au/Ni ratio Is preferably [81 .5 to 82.5 (% by weight)] / (1 8.5 to 1 7.6 (% by weight)]. 

[0108] The thickness of the Au-NI layer Is preferably 0.1 to 50 jim. That Is because the range Is sufficient to keep 

the connection. Further, when being used at 500 to 1,000 *C In high vacuum of 10*^ to 10-^ Pa, a Au-Cu alloy Is 

35 deteriorated, howevsrthe Au-Ni alloy is scarcely deteriorated and thus advantageous. Further, the amount of impurities 
In the Au-NI alloy Is preferably less than 1 parts by weight In case where the total quantity Is set to be 1 00 parts by weight. 
[0109] In the present invention, if necessary, a thermocouple may be buried in a bottomed hole of the ceramic sub- 
strate. That Is iDecause the temperature of the resistance heating elements can be measured by the thermocouple to 
control the temperature by changing the voltage and the electric current quantities based on the obtained data. 

-^0 [01 10] The size In the connection parts of the metal wires of the thermocouple Is preferably either the same as that 
of the strand wire diameter of the each metal wire or larger than that, and 0.5 mm or less. With such a constitution, the 
thermal capacity of the connection parts is lowered and the temperature is precisely and quickly be converted to electric 
current values . Consequently, the temperature controllability is Improved and the temperature distribution in the heating 
surface o1 the wafer is made small. 

43 [0111] As the above described thermocouple, Ktype, Rtype, B type, S type, E type, J type and T type themnocouples 
are available as Indicated in JIS-C-1 602. 

[0112] Fig. 11 is a sectional view schematically showing a supporting case 41 to fit the electrostatic chuck of the 
present Inventton with the above described structure. 

[0113] The electrostatic chuck 101 is fitted in the supporting case 41 through a heat insulator 45. The supporting 
so case 41 is provided with a coolant outlet 42. A coolant Is blown therein from a coolant inlet 44 and discharged from a 
inhalation duct 43 through the coolant outlet 42. Due to the function of the coolant, the electrostatic chuck 101 is enabled 
be cooled. 

[0114] Next, an example of a manufacturing process of one example of the electrostatic chucks using the ceramic 
substrate of the present Invention will be described based on sectional views shown In Fig. 8(a) to (d). 
S5 [0115] (1) At first, a green sheet 50 ts obtained by mixing a ceramic powder such as a nitride ceramic, carbide ceramic 
and the like with a binder and a solvent. 

[0116] As the above described ceramic powder, for example, an oxygen-contalning aluminum nitride powder obtained 
by firing II in oxidative atmosphere can be used. Further, If necessary, a sintering agent such as alumina and sulfur 
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may be added. 

[01 1 7] Still more, since several or one green sheet 50* laminated on a green sheet on which an electrostatic electrode 
layer printed body 51 described below is fomiad Is a layer to be the dielectric ceramic film 4, if necessary, it may have 
a composltbn different from that of the ceramic substrate. 
5 [01 1 8] Normally, as the raw materials of the ceramic dielectric film 4, it is preferable to use the same material as that 
of the ceramic substrate 1 . That Is because they are Inlegrated and sintered togettier in many cases and the firing 
conditions are the same. However in case where the materials are different, it may be possible: to produce the ceramic 
substrate at first; and to form an electrostatic electrode layer thereon; and then to form a ceramic dielectric film further 
thereon. 

10 [0119] As the binder, at least one selected from acrylic binder, ethyl cellulose, butyl cellosolve, polyvinyl alcohol Is 
desirable. 

[0120] In addition, as the solvent, at least one selected from a-terplneol and glycol is desirable. 

[0121] The paste obtained by mixing them is formed to be a sheet-like shape by doctor blade method to produce 

the green sheet 50. 

[0122] If necessary, the following may be provided In the green sheet 50: through holes for Inserting lifter pins of the 
silicon wafer; a concave part for embedding the thermocouple; and a part where the conductor-filled through holes are 
fomried. The through holes can be formed by punching and the lllce. 
[0123] The preferable thickness of the green sheet 50 Is approximately 0.1 to 6 mm. 

[01 24] Next, the through holes of the green sheet 50 are filled with the conductor co ntaining paste to obtain conductor- 
20 filled through hole printed bodies 53, 54 and than the conductor containing paste to be the electrostatic electrode layers 
and resistance heating elements Is printed on the green sheet 50. 

[0125] The printing Is so carried out a^ to obtain a desired aspect ratio in consideration of the shr1nl<age ratio of the 
green sheet 50, thereby obtaining an electrostatic electrode layer printed body 51 and a resistance heating element 
printed body 62. 

25 [0126] The printed bodies can be fonned by printing conductor containing pastes containing conductive ceramics 
and metal particles and the like. 

[0127] As the conductive ceramic particles contained in the conductor containing pastes, a carbide of: tungsten; or 
molybdenum is optimum. That Is because they are hardly oxidized and the themnal conducth/ity Is hard to be lowered. 
[0128] As the metal particles, tungsten^ molybdenum, platinum, nickel and the like CEin be used. 

30 [0129] The average particle diameter of the conductive ceramic particles and the metal particles Is preferably 0.1 to 
5 \xxT}. That is because the conductor containing paste are difficult to be printed if the size is too targe or too small. 
[0130] As such a paste, the paste produced by the following Is optimum; mixing 85 to 97 parts by weight of metal 
particles or conductive ceramic particles, 1 .5 to 1 0 parts by weight of at least one binder selected from an acrylic type 
binder, ethyl cellulose, butyl cellosolve, and polyvinyl alcohol, and 1.5 to 10 parts by weight of at least one solvent 

35 selected from ot-terpineol, glycol, ethyl alcohol and butanol. 

[0131] Next, as shown in Fig. 8(a), the green sheet 50 having the printed bodies 51 , 52. 53, 54 and the green sheet 
50' having no printed body are laminated. So as to prevent the end surfaces of the conductor-filled through holes from 
being exposed and oxidized at the time of firing of the resistance heating element formation, the green sheet 50' having 
no printed body Is laminated on the resistance heating element fomnatlon side, if firing for the resistance heating ele- 

^0 ments formation is carried out with the end faces of the conductor-filled through holes exposed, it is required to sputter 
non-oxidlzable metal such as nickel, or more preferably covering with a gold brazing material of Au-Nl may be carried 
out. 

[0132] (2) Next, as shown in Fig. 8(b), the lamination is heated and pressurized to sinter the green sheets and the 
conductor containing pastes. 

45 [0133] The heating temperature is preferably 1,700 to 2,000 ^'C and the pressure Is preferably 100 to 200 kgf / cm^ 
Tlie heating and pressuring are carried out under the Inert gas atmosphere. As the Inert gas, argon» nitrogen and the 
like can be used. In the step, conductor-filled through holes 16, 17, the chuck positive electrostatic layer 2, the chuck 
negative electrostatic layer 3, resistance heating elements 5 and the like are formed. 
[0134] (3) Next, as shown in Fig. d(c). blind holes 35, 36 for external terminals connection are formed. 

^0 [0135] Inner walls of the blind holes 35, 36 are preferably at least partially made conductive and the inner walls, thus 
made conductive, are preferably connected with the chuck positive electrostatic layer 2, the chuck negative electrostatic 
layer 3, resistance heating elements 5 and the like. 

[0136] (7) Finally, as shown in Fig. 8(d), extemal terminals 6, 1 8 are fitted in the blind holes 35, 36 through a gold 
brazing material. In addition. If necessary, a bottomed hole may be fonned to bury a thermocouple inside thereof. 
55 [0137] As a solder, alloys of silver-lead, lead-tin, bismuth-tin and the like can be used. Still more, the thickness of 
the solder layer is preferably 0.1 to 50 |im. That is because in this range it is sufficient to keep the connection by the 
solder. 

[01 38] Still more, although the above description is given taking the electrostatic chuck 1 01 as the example (reference 
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to Fig. 3), In case of manufacturing the electrostatic chuck 201 (reference to Fig, 5) . after producing the ceramic plate 
having the electrostatic electrode layer, the conductor containing paste is printed and fired on the bottom face of the 
ceramic plate to form the resistance heating elements 25. After that, the metal layer 25a may be formed by an eiectroless 
plating or the like. On the other hand, in case of manufacturing the electrostatic chuck 301 (reference to Fig. 6) , a 
5 metal foil and a metal wire may be embedded in a ceramic powder as the electrostatic electrodes or the resistance 
healing elements, and then sintering is carried out. 

[0139] In addition, in case of manufacturing the electrostatic chuck 401 (reference to Fig. 7), after a ceramic plate 
having electrostatic electrode layers is produced . a Peltier device Is joined to the ceramic plate through a flame sprayed 
metal layer. 

10 [0140] If conductors are provided on the surface and inside the ceramic substrate of the present invention; the con- 
ductor layer on the surface is a chuck top conductor layer; and the Inner conductor is at least one of a guard electrode 
or a ground electrode , the above described ceramic substrate can function as a wafer prober. 
[0141] Fig. 12 is a sectional view schematically showing an embodiment of a wafer prober of the present Invention 
and Fig. 1 3 is a sectional view along the A-A line of the wafer prober shown In Fig. 1 2. 

[0142] in the water prober 501, grooves 67 having a shape of concentric circles, as viewed from the above, are 
romned on a surface of a disk-shaped ceramic substrate 63, simuftaneousty, a plurality of suction holes 68 for sucking 
the silicon wafer are provided to a part of the grooves 67, and the chuck top conductor layer 62 for connecting to 
electrodes of thesilteon wafer, which is in circular shape, is fomied In the most part of the ceramic substrate 63 including 
the grooves 67. 

20 [0143] On the other hand, In order to control a temperature of the silicon wafer, heating elements 61 having shape 
of concentric circles, as viewed from the above, as shown In Fig. 1 are provided on the bottom face of the ceramic 
substrate 63, and extemal terminals (not shown) are connected and fixed to both ends of the heating elements 61 . 
Also, In order to remove stray capacitor and noise, guard electrodes 65 and ground electrodes 66 (reference to Fig. 
1 3} having a lattice-shape, as viewed from the above, respectively, are provided inside the ceramic substrate 63. The 

25 materials for the guard electrode 65 and the ground electrodes 66 may be the same as those of the electrostatic 
electrodes. 

[0144] The thickness of the above described chuck top conductor layer 62 is desirably 1 to 20 pjn. In case of less 
than 1 ^m, the resistance value becomes too high and the layer does not function as an electrode and on the other 
hand, In case of exceeding 20 \xin, It is easy to be peeled by stress which the conductor has. 
30 [0145] As the chuck top conductive layer 62, at least one metal selected from high melting point metals such as 
copper, titanium chromium, nickel, noble metals (gold, silver, platinum and the like), tungsten and molybdenum can be 
used. 

[0146] in the wafer prober having such a stmcture, after a silicon wafer on which an Integrated circuit Is formed Is 
put, a probe card having tester pins Is pushed against the silicon wafer and a voltage is applied while the silicon wafer 
35 being heated or cooled to carry out an electric continuity test. The ceramic substrate constituting such a wafer prober 
also has the leakage quantity of 10""^ Pa • / sec (He) or less by measurement with the helium leakage detector 
Such a ceramic substrate is sufficiently densely sintered, and this wafer prober is excellent in temperature rising/falling 
property, the breakdown voltage and Young's modulus does not drop at a high temperature, and no warping occurs in 
the wafer prober. 

^0 [0147] Still more, In case of manufacturing the wafer prober, for example, in the same manner as that of the elec- 
trostatic chuck, at first a ceramic substrate in which the resistance heating elements are embedded Is produced; and 
then the grooves are formed In the surface of the ceramic substrate; and successively a metal layer may be formed 
on the surface part where grooves are fomned, by sputtering, plating or the like. 

45 Best Modes for Carrying Out the invention 

[0148] Hereinafter, the present invention will be described more specifically. 

[0149] (Examples 1 to 7) Manufacture of the electrostatic chuck 101 (reference to Fig.- 3) 

^0 (1) A green sheet of 0.47 mm-thickness was obtained using a paste produced by mixing 1 ,000 parts by weight of 

an aluminum nitride powder (the average particle diameter of 0.6 |j.m, produced by Tokuyama Corp.) fired at 500 
°C for 1 hour In the air, 40 parts by weight of yttria (the average particle diameter of 0.4 ^un), 115 parts by weight 
of an acrylic binder, 5 parts by weight of a dispensant, and 530 parts by weight of alcohol containing 1-butanol and 
ethanoi and then; by fomiing the paste by doctor blade method. 

55 (2) Next, the green sheet was dried at 80 °C for 5 hours and then, parts to be through holes for inserting semicon- 

ductor wafer lifter pins having 1 .8 mm. 3.0 mm and 5.0 mm in diameter; and parts to be conductor-filled through 
holes for connecting the extemal terminals were formed by punching. 

(3) A conductor containing paste A was prepared by mixing 1 00 parts by weight of tungsten cartoide particle having 
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the average particle diameter of 1 pjn, 3.0 parts by weight of an acrylic binder. 3.5 parts by weight of an a-terplnaol 
solvent, and 0.3 parts by weight of a dlspersant. 

A conductor containing paste B was prepared by mixing 100 parts by weight of tungsten particle having the 
average particle dlanneter of 3 ^m, 1 .9 parts by weight of an acrylic binder, 3.7 parts by weight of an a-terpineol 
5 solvent, and 0^ parts by weight of a dispersant. 

The conductor containing paste A was printed on the green sheet by screen printing to form the conductor 
containing paste layer. The printing patterns are made to be concentric patterns . A conductor containing paste 
layer having the electrostatic electrode pattem with the shapes shown In Fig. 4 was also fonned In another green 
sheet. 

Further, the through holes for conductor-filled through holes for connecting external temrilnals were filled with 
the conductor containing paste B. 

On the green sheet 50 on which the above described treatment was finished, 34 green sheets 50' on which 
no tungsten paste was printed were laminated on the upper side (the heating face) and 13 green sheets 50' on 
which no tungsten paste was printed were laminated on the tower side, respectively. Further, the green sheet 50 
IS on which conductor containing paste layer otthe electrostatic electrode patterns was printed was laminated thereon 

and furthermore, 2 green sheets 50', on which no tungsten paste was printed, were laminated and the resulting 
body was pressed to be Integrated each other at 130 **C and 80 kgfycm^-pressureto obtain a lamination [Fig, 8(a)l. 

(4) Next, the obtained lamination was degreased at 600 **C for 5 hours in nitrogen gas and hot pressed at 1 ,690 
°Cfor3 hours under a pressure of Oto 200 kgf/cm^ as shown in Table 1 to obtain an aluminum nitride plate-shaped 

20 body with the thickness of 3 mm. It was cut In a disk-shaped piece having 230 mm-thlckness to obtain a plate- 

shaped body made of an aluminum nitride and comprising resistance heating elements 5 having the thickness of 
6 ^m and the width of 10 mm, and the chuck positive electrostatic layer 2 and the chuck negative electrostatic 
layer 3 having the thickness of 1 0 pjn inside thereof [Fig. 8(b)]. 

(5) Next, after grinding the plate-shaped body obtained in (4) by a diamond grind stone, a mask was put and 
25 bottomed holes (the diameter: 1.2 mm, the depth: 2.0 mm) were provided in the surface for a thermocouple by 

blast treatment by SIC and the like. 

(6) Further, blind holes 35, 36 were formed by boring the parts where the conductor-filled through holes were 
formed [F^. e(c)] and external terminals 6, IB made o1 Kovar were connected to the blind holes 35, 36 by using 
a gold brazing material of Nl-Au and carrying out heat reflow at 700 'C [Fig. 8(d)]. Still more, connection of the 

30 externa! tennlnals Is desirable to have a structure wherein a support of tungsten supports at three points. That is 

because the connection reliability can be assured. 

(7) Next, a plurality of thermocouples were buried In the bottomed holes for temperature control to complete the 
manufacture of the electrostatic chuck 101 having the resistance heating elements 5. 

The breakdown voltage, the thermal conductivity, the degree of weuping, the oxygen content, the leakage 
35 quantity, and the fracture toughness value were measured for the ceramic substrate (the ceramic dielectric film) 

of the thus manufactured electrostatic chuck 101 having the resistance heating elements 5. In the following method. 
The resufts were shown in the following Table 1 . 

(8) Next, the electrostatic chuck 1 01 was fitted in a supporting case 41 made of a stainless steel having the sectional 
shape of Fig. 11 through a heat Insulating material 45 comprising a ceramic fiber (trade name: Ibiwool produced 
by Ibiden Co., Ltd.). The supporting case 41 had a coolant outlet 42 for a cooling gas to be capable of adjusting 
the temperature of the electrostatic chuck 1 01 . 

[0150] The resistance heating elements 5 of the electrostatic chuck 101 fitted in the supporting case 41 are energized 
to rise the temperature and a coolant was passed through the supporting ceise to control the temperature of the elec- 
45 trostatic chuck 101 , It was found the temperature was able to be controlled extremely excellently. Further, the cooling 
time of the electrostatic chuck was meaisured according to the following method. The results were shown in Table 1 . 

(Example 8) Manufacture of the electrostatic chuck 201 (reference to Fig. 5) 

50 [0151] 

(1) A green sheet of 0.47 mm-thickness was obtained: using a paste produced by mixing 1 ,000 parts by weight of 
an aluminum nitride powder (the average particle diameter of 0.6 p.m, produced by Tokuyama Corp.) fired at 500 
*'C for 1 hour in the air, 40 parts by weight of yttria (the average particle diameter: 0.4 ixm), 115 parts by weight of 

55 an acrylic binder, 5 parts by weight of a dispersant, and 530 parts by weight of alcohol containing 1-butanol and 

ethanol; and then forming the paste by doctor blade method. 

(2) Next, the green sheet was dried at 80 "C for 5 hours and then, parts to be through holes for Inserting semteon- 
ductor wafer lifter pins having a diameter of 1.8 mm, 3.0 mm and 5.0 mm, respectively, and parts to be conductor- 
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fill&d through holes for connecting the external terminals were formed by punching. 

(3) A conductor containing paste A was prepared by mixing 1 00 parts by weight ot tungsten carbide particle having 
the average particle diameter of 1 jim, 3.0 parts by weight of an acrylic binder, 3.5 parts by weight of an a-terp!neoI 
solvent, and 0.3 parts by weight of a dispersant. 

A conductor containing paste B was prepared by mixing 1 00 parts by weight of tungsten particle having the 
average particle diameter of 3 ^m, 1 .9 parts by weight of an acrylic binder, 3.7 pcirts by weight of an a-terplneol 
solvent, and 0.2 parts by weight of a dispersant. 

The conductor containing paste A was printed on the green sheet by screen printing to fomn the conductor 
containing paste layer of the electrostatic electrode patterns having the shapes shown in Fig. 10. 

Further, the through holes for conductor-filled through holes for connecting external terminals were filled with 
the conductor containing paste Q. 

On the green sheet 50 on which the above described treatment was finished, one green sheet 50' on which 
no tungsten paste was printed was laminated on the upper side (the heating face), and 48 green sheets 50' on 
which no tungsten paste was printed were laminated on the lower side, respectively, and the resulting body was 
pressed to be Integrated each other at 130 and 80 kgf/cm^-pressure to form a lamination. 

(4) Next, the obtained lamination was degreased at 800 *C for 5 hours in nitrogen gas and hot pressed at 1 ,890 
'C for 3 hours under a pressure of 200 kgf / cm^ to obtain an aluminum nitride plate-shaped body having the 3 
mm-thickness. It was cut In a disk-shaped piece having 230 mm-lhickness to obtain a plate-shaped body made 
of an aluminum nitride and comprising the chuck positive electrostatic layer 2 and the chuck negative electrostatic 
layer 3 having 15 pm-thickness Inside thereof. 

(5) Next, a mask was put on an opposite surface of the disk-shaped body obtained from above described (4) to 
provide concave parts (not shown) for the themnocoupl as on a surface thereof by blasttreatment with SIC or the like. 

(6) Next, the resistance heating elements 25 were printed on the face (the bottom face) opposite to the wafer 
putting face. A conductor containing paste was used for the printing. The used conductor containing paste was 
Solbest PS 603D produced by Tokuriki Kagaku Kenkyuusho Co., Ltd., which is commonly used for plated through 
hole formation of a printed circuit board. The conductor containing paste was a silver/lead paste and contained 
7.5 parts by weight of metal oxides comprising lead oxide, zinc oxide, silica, boron oxide, and alumina (each weight 
ratio thereof was 5 / 55 / 10 / 25 / 5) In 100 parts by weight of sliver. Further, the shape ot the silver was scaly 
having the average particle diameter of 4.5 ^xm. 

(7) The plate-shaped body on which the conductor containing paste was printed was heated and fired at 780 ^'C 
to sinter the silver and lead in the conductor containing paste, and simultaneously to bake it on the ceramic sub- 
strata. The plate-shaped body was further Immersed in an electroless nickel plating bath of an aqueous solution 
containing 30 g / 1 of nickel sulfate, 30 g / 1 of boric acid, 30 g / 1 of ammonium chloride and 60 g / 1 of Rochelle salt 
to deposit a nickel layer 25a containing not more than 1 % by weight of boron and having 1 ^un-thlckness on the 
surface of the silver sintered body 1 5. After that, the plate-shaped body was annealed at 1 20 °C for 3 hours. 

The resistance heating elements comprising the sliver sintered body had 5 pm-thtckness, 2.4 mm-wldth. and 
7.7 mn y □ of surface resistivity. 

(8) Next, blind holes were provided in the ceramic substrate for exposing the conductor-filled through holes 16. 
External temnlnal pins made of Kovar were connected to the blind holes by employing a gold brazing material 
comprising a Ni-Au (81 .5 % by weight of Au, 1 8.4 % by weight of Ni, and 0.1 % by weight of impurities) and carrying 
out heat reflow at 970 *'C. Further, external temnlnal pins made of Kovar were fomried on the resistance heating 
elements using a solder (tin 9 / lead 1). 

(9) Next, a plurality of thennocouples were buried in the concave parts for temperature control to obtain the elec- 
trostatk: chuck 201. 

The breakdown voltage, the thermal conductivity, the degree of warping, the oxygen content, the leakage 
quantity and the fracture toughness value of the ceramic substrata (the ceramic dielectric film) of the thus manu- 
factured electrostatic chuck 201 having the resistance heating elements 5 are measured by the following method. 
The results were shown In the following Table 1 . 

(10) Next, the electrostatic chuck 201 was fitted in the supporting case 41 made of a stainless steel having the 
sectional shape shown in Fig. 11 through a heat insulating material 45 comprising a ceramic fiber (trade name: 
Ibiwool produced by ibiden Co., Ltd.). The supporting case 41 had a coolant outlet 42 for a cooling gas, to be 
capable ot adjusting the temperature of the electrostatic chuck 201 . 

[0152] The resistance heating elements 1 5 of the electrostatic chuck 201 fitted In the supporting case 41 was ener- 
gized to rise the temperature and a coolant was also passed through the supporting case to control the temperature 
of the electrostatic chuck 201 , itvras found that the temperature was able to be controlled extremely excellently. Further, 
the cooling time of the electrostatic chuck was measured according to the following method. The results were shown 
In Table 1. 
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(Example 9) Manufacture of the electrostatic chuck 301 (Rg. 6) 
[0153] 

s (1) Two electrodes having the shape shown In Fig. 9 were formed by punching atungsten foil having the thickness 

^ iSher with the two electrode sheets and a tungsten wire. 1 ,000 parts by weight of an aluminum nitride 
powder (the average particle diameter of 1 .1 jim, manufactured by Tokuyama Corp.) fired at 500 In the air. 40 
parts by weight of yttrta (the average particle diameter: 0.4 ^m), and 1 15 parts by weight of an acrylic binder were 
10 put in amolding die and hotpressed at 1.890»Cfor3 hours underpressure ot200 kgf /cm^to obtain an aluminum 
nitride plate-shaped body having the thickness of 3 mm. It was cut into a disk-shaped piece having the diameter 
of 230 mm to obtain a plate-shaped body made o1 aluminum nitride. At that time, the thickness of the electrostatic 

Strh^'pro^Ssrs^flKT) of the example 1 we 
IS chuck 301. 

r01541 The breakdown voltage, the themial conductivity, the degree of warping, the oxygen content, the leakage 
quantity and thefracturetoLghnessvalueoftheceramlcsubstrate (the ceramic dielectric film) otthe thus manufacture^^ 

electrostatic chuck 301 having the resistance heating elements 5 were measured by the following methods. The results 
20 were shown In the following Table 1 . 

r01551 Further the electrostatic chuck 301 was fitted In a supporting case In the same manner as the step (8) of the 
example 1 and the cooling time of the electrostatic chuck was measured by the following method. The results were 
shown In Table 1 . 

25 (Example 10) Manufarture of the aiectrostatic chuck 401 (Fig. 7) 

[01561 After carrying out the processes (1 ) to (5) of the example 8. a nickel was further flame-sprayed on the bottom 
race, and then the electrostatic chuck 401 was obtained by Joining lead-teliurlum based Peltier devices 

[01571 The breakdown voltage, the themnal conductivity, the degree of warping, the oxygen content, the leakage 
Untltyandthe fracture toughness valueoftheceramic substrate (theceramlcdlelectrlcfiim) of thethusmanu^^^^ 

electrostatfc chuck 401 having the resistance heating elements 5 were measured by thefollowing method. The results 
were shown In the following Table 1 . TUg electrostatic chuck 401 manufactured In such a manner was excellent Ir^ the 
temperature failing property and when being cooled by the Peltier devise, the electrostatic chuck 401 was cooled from 
450 "Cto 100 "C In 3 minutes. . 
[01581 The electrostatic chuck 301 was also fitted In a supporting case In the same manner as the step (1 0) of the 
example 8 and the cooling time was measured by the following method. The results were shown In Table 1 . 

(Comparative example 1) Manufacture of an electrostatic chuck 

40 [0159] An electrostatic chuck was manufactured In the same manner as that of the example 1 , except that a green 
sheet Of 0.47 mm-thlckness was obtained fr^m a paste produced by mixing 1,000 parts by weight of a" aturri num 
nitride powder (the average particle diameter of 1 .1 (un, produced by Tokuyama Corp.), 40 parts by weight of yttrla 
(the average particle diameter 0.4 nm). 115 parts by weight of an acrylic binder, 5 parts by weight of a d'spersant. and 
530 parts by weight of alcohol containing 1 -butanol and ethanol then by fonning the pasta by doctor blade method. 

45 [0160] The breakdown voltage, the thermal conductivity, the degree of warping, the oxygen content, the leakage 
quantity, and the fracture toughness valueoftheceramlcsubstrate(theceramlc dielectric film) ofthettiusmanufa^^^^ 

electrostatic chuck having the resistance heating elements 5 were measured by the following method. The results were 
shown In Table 1 . Further, the electrostatic chuck was fitted In a supporting case In the same manner as that In the 
example 1 and the cooling time was measured by the following method. The results were shown m Table 1 . 

so 

(Comparative example 2) Manufacture of an electrostatic chuck 

f01S1 1 An electrostatic chuck was manufactured In the same manner as that of the example 1 , except that a green 
sheet of 0.47 mm-thlckness was obtained from a paste produced by mixing 1 .000 parts by weight of an alumirium 
55 nitride powder (the average particle diameter of 1 .1 m", produced by Tokuyama Corp.), 115 parts by weight of an 
acrylic binder. 5 parts by weight of a disparsant. and 530 parts by weight of alcohol containing 1 -butanol and ethanol, 
and then by forming the paste by doctor blade method. . i-ou,«- 

[0162] The breakdown voltage, the themial conductivity, the degree of warping, the oxygen content, the leakage 



30 



35 



14 



EP 1 225 157 A1 



quantity, and the fracture toughness value of the ceramic substrate (the ceramic dielectric film) of the thus manufactured 
electrostatic chuck having the resistance heating elements 5 were nneasured by thetoliowing nriethod. The results were 
shown In Table 1 . Further, the electrostatic chuck was fitted in a supporting case in the same manner as that in the 
example 1 and the cooling time was measured by the following method. The results were shown In Table 1 . 

Evaluation method 

(1) Evaluation of the breakdown voltage of a ceramic substrate (a ceramic dielectric film) 

10 [0163] For the electrostatic chucks manufactured In the examples 1 to 10 and comparative examples 1 ,2, a metal 
electrode is put on the electrostatic chuck, a voltage is applied between the electrostatic electrode layer and the eiec- 
trode, and a voltage at which the Insulating breakdown occurs Is measured. 

(2) Thermal conductivity 

15 

[0164] 

a. An equipment to be employed 

Rigaku-taser flash method thermal constant measurement equipment 
20 LF/TCM-FA8510B 

b. Testing conditions 
temperatura...25 "C, 4S0 
ambient condition ...vacuum 

c. Measurement method 

25 The temperature detection in the specific heat measurement was carried out by using athemiocouple (Piatinel) 

bonded to the back face ot each sample by a silver paste. 

The normal temperature specific heat measurement is earned out by further adhering a light receiving plate 
(glassy carbon) to the upper face of each sample by silicon grease and the specific heat (Cp) of each sample Is 
calculated according to the following calculation equation (1): 

30 



AO 1 
Cp- f -Cp -Cp *W — •••(!) 

35 

[0165] In the above described calculation equation (1) , AO represents the input energy, AT represents the saturation 
value of the temperature rise of each sample. Cpqc represents the specific heat of the glassy carbon. Wqc represents 
the weight of the glassy carbon. CpsG represents the specific heat of the silicon grease; Wsg represents the weight 
40 of the silicon grease^ and W represents the weight of each sample. 

(3) The degree of warping 

[0166] After heating to 450 "C and loading the weight of 150 kg/cm^, each sample was cooled to 25 "^C and the 
45 degree of warping was measured by using a shape measuring device (Nanoway manufactured by KYOCERA Co.). 

(4) The oxygen content 

[0167] Samples sintered in the same conditions as tiiose for the sintered bodies of the examples and the comparative 
so examples were pulverized in a tungsten mortar and 0.01 g of each pulverized sample was measured by the measure- 
ment using an oxygen/nitrogen determinator (TC-136 model manufactured by LEGO Co.)in the conditions of: heating 
temperature at 2200 'C; and heating duration for 30 seconds. 

(5) The leakage quantity 

55 

[0168] Using samples (area: 706.5mm2. thickness: 1 mm) sintered in the same conditions as those for the sintered 
bodies of the examples and the comparative examples, the leakage quantity was measured by a general purpose type 
helium leakage detector (MSE-11 AU/TP model manufactured by Shimadzu Co.) 
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(6) The Tracture toughness value 

[0169] An Indentator was pressed onto the surface by a Vlckers hardness meter (MVK-D model manufactured by 
AkashI Seisakusho Co.) and the length of formed cracks was measured and, then the calculation was performed based 
on the calculation equation (2) by using the measured value: 

Fracture toughness value = 0.026 x E^'^ x 0.5 x P^^ x a x C*^ (2) 

In the above described calculation equation (2). E represents Young's modulus (3.18 x IQ^i Pa). P represents the 
pressing load (98 N), "a" represents a half (m) of the average length of the diagonal lines of indentation, C represents 
a half (m) of the average of the length of the cracks. 

(7) The cooling time 

[0170] The time taken to cool thereof to 100 by blowing air at 10 I/min after heating to 150 ^'C was measured. 

(Example 11) Manufacture of the wafer prober 501 (reference to Fig. 11) 

[01711 

(1) A green sheet of 0.47 mm-thickness was obtained by empioying a paste produced by mixing 1,000 parts by 
weight of an aluminum nitride powder (the average particle diameter of 1 .1 \im, produced by Tokuyama Corp.), 40 
parts by weight of yttria (the average particle diameter: 0.4 |im), 115 parts by weight of an acrylic binder, 0.002 
parts by weight of boron nitride, 5 parts by weight of a dispersant, and 530 parts by weight of alcohol containing 
1-butano! and ethanol, and then forming the paste by doctor blade method. 

(2) Next, after drying the green sheet at 80 "C for 5 hours» through holes for connecting the heating elements with 
external pins tor conductor-filled through holes are provided by punching. 

(3) A conductor containing paste A was prepared by mixing 100 parts by weight of tungsten carbide particle having 
the average particle diameter of 1 pjn, 3.0 parts by weight of an acrylic binder, 3.5 parts by weight of an a-terpineol 
solvent, and 0.3 parts by weight of a dispersant. 

A conductor containing paste B was also prepared by mixing 100 parts by weight of tungsten particle having 
the average particle diameter of 3 jim, 1 .9 parts by weight of an acrylic binder, 3.7 parts by weight of an a-terpineol 
solvent, and 02 parts by weight of a dispersant. 

Next, a latttee-shaped printing body for guard electrodes and a lattice-shaped printing body for ground elec- 
trodes were printed on the green sheet with the screen printing using the conductor containing paste A. 

The through holes for conductor-filled through holes for connecting to terminal pins were also filled with the 
conductor containing paste B. 

Moreover, such a printed green sheet 50 and green sheets not printed with a printed body were laminated in 
50 sheets and integrated by pressure of 80 kgf/cnr)2 at 130 to manufacture a lamination. 

(4) Next, the obtained lamination was degreased at 600 **C for 5 hours in nitrogen gas and hot pressed at 1 ,890 
^C for 3 hours under a pressure of 200 kgf/cm^ to obtain an aluminum nitride plate-shaped body with the thickness 
of 3 mm. The obtained plate-shaped body was cut in circular shape with the diameter of 300 mm to obtain disk- 
shaped pieces having 230 mm-thickness to obtain plate-shaped bodies made of a ceramic. The size of each 
conductor-filled through hole was 0.2 mm-diameter and 0.2 mnvthickness. 

The thickness of the guard electrodes 65 and the ground electrodes 66 was also 10 p.m, the fonned position 
of the guard electrodes was in 1 mm from the wafer-putting face, and the formed position of the ground electrodes 
was in 1 .2 mm from the wafer-putting face. The length of one side of non-conductor fomned area 66a among the 
guard electrodes 65 and the ground electrodes 66a was 0.5 mm. 

(5) After grinding the plate-shaped body obtained from the above described (4) with a diamond grind stone, a mask 
was put and concave parts for thermocouples and grooves 67 (width: 0.5 mm, depth: 0.5 mm) for adsorbing the 
wafer are provided on the surface by blast treatment with Sic or the like. 

(6) Furthennore, a layer for forming resistance heating elements 61 was printed on a face opposite to the wafer- 
putting face. A conductor containing paste was used for the printing. The conductor containing paste was Solbest 
PS 603D manufactured by Tokuriki Kagaku Kenkyuusho Co., Ltd.. which is used for forming of conductor-filled 
through holes of a printed circuit board. The conductor containing paste was a silver/lead paste and contained 7.5 
parts by weight of metal oxides comprising lead oxide, zinc oxide, silica, boron oxide, and alumina (each weight 
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ratio thereof was 5/55/1 0/25/5) tor 1 00 parts by weight of silver. 

The Shape of the silver was also scaly having the average particle diameter of 4.5 ^m\ 

(7) The heater plate on which the conductor containing paste was printed was heated and fired at 780 'C to 3 nter 
S sliver and \L Inthe conductorcontalning paste, and simultaneous V to baicethe paste on the ceramic substrate 
63 The heater plate was further immersed In an electroless nickel plating bath of an aqueous solutlori containing 
30 g /I of nickel sulfate. 30 g / 1 of boric acid. 30 g / 1 of ammonium chloride, and 60 g / 1 of Rochelle salt to deposit 
a nickel layer (not shown) containing not more than 1 % by weight of boron and having 1 nm-thickness on the 
surface of the sliver sintered body 61 . After that, the heater plate was annealed at 1 20 °C for 3 hours^ 

The heating elements of the silver sintered body had 5 juTi-thlckness. 2.4 mm-wldth. and7.7 ma/ Oof surface 
rss Istlvltv 

(8) On the face where the grooves 67 were fomied, a titanium layer, a molybdenum layer, and a nickel layer were 
successive^ fomied by sputtering. An equipment tor sputtering was SV-4540 manufactured by UUVAC Japan Co 
Ltd The conditions of the sputtering were: pressure of 0.3 Pa, temperature of 1 00°C. electric power- of 200 W, and 
the sputtering duration within a range from 30 seconds to 1 minutes, which is adjustedfor respective metals. 

The thickness of each obtained film was 0.3 jon for the titanium layer, 2 for the molybdenum layer, and 1 
iim for the nfckal layer based on the images obtained by a fluorescent x-ray analyzer. 

S) Theceramic plate obtained by the above described step (3) was Immersed In an etedrole^ nicke plating bath 
comprising an aqueous solution containing 30 g / 1 of nickel sulfate, 30 g / 1 of boric acid, 30 g / 1 f ^m^ion "m 
chloride and 60 g / 1 of Rochelle salt to deposit a nickel layer (not shown) containing not more than 1 /<, by weight 
of boron and having 7 [xm-thlckness on the surface of the metal layers formed by sputtering, and then annealed 

^' ^ ?I,l^surfac9 of'reslstance heating elements was not plated by the electrolytic nickel plating due to no current 

^°\urther the surface of the nickel plating layer was Immersed In an electroless gold plating solution containing 
2 g / I of gold potassium cyanide, 75 g/i of ammonium chloride. 50 g/l of sodium citrate, and 10 g/1 of sodium 
hvmophosphlte at 93'C for 1 minute to form a gold plating layer having 1 ^-thickness on the nickel plat ng layer 
(10) Air suction holes 68 penetrating the plate to the back face from the grooves 67 were fonried by d" «ng 
blind holes (not shown) were further provided to expose the conductor-filled through •^o'^^/^^. The blkid holes 
were connected with external temiinai pins made of Kovarby using a gold brazing matenai of Nl-Au alloy (81 .5 % 
by weight of Au. 1 8.4 % by weight of Nl and 0. 1 % by weight of Impurities) by heat reflow at 970 C. The external 
terminal pins made of Kovar were also fomied on the resistance heating elements through a solder (tin 90 /. by 

ri?)^NextTplura% Xlm^^ were burled In the concave parts for temperature control to obtain the wafer 
prober heater 501. 

[01721 When the heater-equipped wafer prober was heated to 200»C. It reached to 200 °C in approximately 20 

[anSr Further, the breakdown voltage, the thennal conductivity, the degree of warping, the oxygen 
eakage quantity, and the fracture toughness value of the ceramic substrate constituting the heater-equipped wafer 
prober were measured by the above described evaluation methods. The results were shown In the following Table 1 . 
Further the above described heater-equipped wafer prober was fitted In a supporting case and the cooling time was 
measured acconJIng to the above described method. THe results were shown In Table 1 . 
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(Example 12) 

[01741 A green sheet of 0.50 mm-thlckness was obtained by: employing a paste produced by mbcing 1 00 parts by 
weight of a silicone nitride powder (the average particle diameter of 0.6 ^Lm. produced Tokuyama C^^PO Aij^d at ^^^^^ 
•Cfor 1 hour Inthe air. 40 parts by weight ofyttria (the average particle diameter; 0.4>xm).20 partsby weight of alumina, 
40 parts by weight of silica. 1 1 .5 parts by weight of an acrylic binder. 0.5 parts by weight of a dispersamt. and 53 parts 
by weight of alcohol containing 1 -butanoi and ethanol; and forming the paste by doctor blade method 
(01751 By using the green sheet, an electrostatic chuck was manufactured In the same manner as that of the proc- 
esses (2) to (8) of the example 1 , except that the sintering conditions were changed to be at the temperature of 1 900 

[01761 ^'The?reakdown°voteg^^^ degree of warping, the oxygen content, the leakage quantity and the fracture 
toughness value of the ceramic substrate of the obtained electrostatic chuck were measured by the above descnbed 
evaluation methods. The results were shown in the following Table 1, The electrostatic chuck was also fitted in a 
supporting case andthe cooling flmewas measured accordlngtothe above describedmethod. The resultswere shown 

in the following Table 1. 
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(Comparative example 3) 

[0177] An electrostatic chuck was manufactured in the same manner as that of example 7, except that the amount 
of yttria was changed to be 0.2 parts by weight 

[0178] The breakdown voltage, the themiai conductivity, the degree of warping, the oxygen content, the leakage 
quantity and the fracture toughness value of the ceramic substrate of the obtained electrostatic chuck were n^asured 
by the above described evaluation methods. The results were shown in the following Table 1 . The electrostatic chuck 
was also fitted In a supporting case and the cooling time was measured according to the above described method. 
The results were shown in the following Table 1 . 



(Comparative example 4) 

[0179] An electrostatk: chuck was manufactured in the same manner as that of example 1 , except that the firing 
temperature was changed to be at 1 ,600 ^'C and no pressure was applied. 

[Oieo] The breakdown voltage, the thermal conductivity, the degree of warping, the oxygen content, the leakage 
quantity and the fracture toughness value of the ceramic substrate of the obtained electrostatic chuck were measured 
by the above described evaluation methods. The results were shown In the following Table 1. The electrostatic chuck 
also was fitted In a supporting case and the cooling time was measured according to the above described method. 
The results were shown In the following Table 1 . 



(Example 13) 

[0181] An electrostatic chuck was manufactured In the same manner as that of example 1 , except that the pressure 
application was earned out at 300 kgf / cm^. 

[01821 The breakdown voltage, the thermal conductivity, the degree of warping, the oxygen content, the leakage 
quantity, and the fracture toughness value of the ceramic substrate of the obtained electrostatic chuck were measured 
by the above described evaluation methods. The results were shown In the following Table 1 . The electrostatic chuck 
was also fitted In a supporting case and the cooling time was measured according to the above described method. 
The results were shown in the following Table 1 . 
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Table 1 
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[0183] As being made clear from the results of Table 1 , since the ceramic substrates constituting the electrostatic 
chucks and the wafer prober according to the examples 1 to 1 3 all had 1 0-? Pa • rn^/sec or less of the leakage quantity 
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of helium measured by the helium ieakag© detector, their breakdown voltage values were all lound high and the tem- 
perature rislng/falling property was also excellent and the degrees of warping were low values. On the other hand, 
since the ceramic substrates of the electrostatic chucks of the comparative examples 1 to 4 had leakage quantity of 
helium exceeding 10-7 Pa ■ m^/ sec, their breakdown voltage values were considerably low and the temperature rising/ 
falling property was also inferior and the degrees of warping were significant and any result was found inferior to those 
of the examples 1 to 13. u ■ u 

[0184] As described above, since the ceramic substrate of the present invention is sintered so as to have the leakage 
quantity as low as 10*^ Pa • m^/sec (He) or less by measurement with the helium leakage detector, the degree of 
dropping of the themial conductivity at a high temperature is slight. The breakdown voltage at a high temperature is 
also high. Further, the degree of warping is slight. Further, the cooling time Is short: this fact Is supposedly due to that 
a gas used as a coolant is prevented from leaking out from these ceramics. 

[0185] On the other hand, If the leakage quantity is lowered to ^0^'^^ Pa • m^/sec (He) or less . the degree of the drop 
of the thermal conductivity is, to the contrary, increased and the fracture toughness is also lowered. Although the reason 
for that is not clear, it is supposed that if densiflcatlon proceeds too far, oxygen in the grain boundaries is diffused into 
the ceramic crystals and thus deteriorates the crystalllnlty and further, It is also supposed that banlers In the grain 
boundaries are lowered to result in easy expansion of cracks. Further, the cooling speed is also lowered. That la 
supposedly due to the fact that gas cannot penetrate inside the ceramtes and thus cannot take heat to result In the 
decrease of the cooling speed. 

Industrial Applicability 

[0188] As descrtoed above, the ceramic substrate of the present invention is sintered so as to havea leakage amount 
of as low as 10-7 Pa • m^/sec (He) or less by measurement with the helium leakage detector, so that the ceramic 
substrate is excellent in the temperature risingrfalllng property, has a high breakdown voltage at a high temperature 
and a small warping degree and thoretoresuitableto be used for a device for producing and examining a semiconductor. 



Claims 

1. A ceramic substrate having a conductor on a surface or Inside thereof ^ 

wherein said ceramic substrate has a leakage quantity of IQ-^ Pa • m^/sec (Ha) or less by measurement with 
a helium leakage detector 
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Fig. 1 
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Fig. 3 
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Fig. 5 
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Fig. 12 
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